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Purpose: The aim of this study was to determine the association of
worsening of 1) cartilage damage, 2) meniscal damage, and 3) meniscal
extrusion in the tibiofemoral compartments, assessed by MRI, with any
increase, and with slow and fast increases, in radiographic joint space
narrowing (JSN) over 30 months in persons with knee osteoarthritis
(OA).
Methods: The Multicenter Osteoarthritis (MOST) Study is a longitudinal
cohort study of subjects with or at risk for knee OA. Posteroanterior
radiographs were performed at baseline (BL) and 30 months follow-up
(FU) and read for BL Kellgren-Lawrence (KL) grade, for JSN according to
the OARSI atlas, and for JSN increase including within-grade changes.
MRIs were performed at BL and FU on a 1.0 T extremity system. A
random sample of 600 subjects with BL radiographic OA (KL grade ≥ 2)
in one or both knees had BL and 30 months FU MRIs read using the
WORMS system. Tibiofemoral compartments were scored for cartilage
morphology (0–6 scale) at the central femoral subregion, and anterior,
central, and posterior tibial subregions. Meniscal morphology (0–4) was
assessed at the anterior, body, and posterior horns of both menisci.
Meniscal extrusion (0–2) was assessed at the body of both menisci.
Compartments with maximum grades in all subregions of any BL MRI
feature were excluded. Knees with a KL grade ≥3 were excluded to
avoid ceiling effects in regard to JSN increase. In compartment-speciﬁc
analyses we assessed the association of worsening of cartilage damage
(including within grade), meniscal damage, and meniscal extrusion
(predictors) with any JSN increase and with slow (increase up to 1
grade) and fast (increase >1 grade) JSN using logistic regression with
generalized estimated equations to account for correlations between
a knee’s compartments. We analyzed one knee per person in models
simultaneously including all three MRI predictors adjusted for age,
gender, and body mass index (BMI). All results were similar for medial
and lateral compartments analyzed separately.
Results: A total of 276 knees (260 medial and 268 lateral tibiofemoral
compartments were included (women 68.5%, mean age 62.9±7.8, mean
BMI 30.2±5.0). Worsening of all three MRI features were similarly and
independently associated with increase in JSN in the same compartment
(p < 0.01) (Table 1). Additionally, worsening of all three MRI features was
independently associated with the risk of both slow JSN (odds ratios
(ORs) from 2.9 to 4.8) and fast JSN increase (ORs from 5.8 to 20.3).
An increasing risk of any JSN increase was directly associated with the
number of worsening MRI features (p for trend <0.00001) (Table 2).
Conclusions: Worsening of cartilage damage, meniscal damage, and
meniscal extrusion in a tibiofemoral compartment are each strong and
independent predictors of any, slow and fast tibiofemoral JSN increases in
the same compartment. These associations also need to be evaluated in
knees with more severe BL radiographic OA. Tibiofemoral JSN is a result
of complex multi-tissue articular degeneration, which is of relevance
in patient treatment approaches and interpretation of radiography as a
structural outcome in clinical trials and longitudinal OA studies.
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Objective: To propose a simpliﬁed, valid and reliable ultrasound (US)
score for knee osteoarthritis (KOA) severity.
Patients and methods: We included 104 female patients from an OA
cohort with symptomatic KOA. Mean age 60.4±9.0 years. Mean weight
67.1±12.7 kg. Mean height 1.52±0.06 m. BMI 28.8±4.8. Content validity
was obtained by an expert rheumatologists’ opinion. Initially a 66 items
score was design and applied, then reduced to 33, 29 and ﬁnally 8 items.
Criterion validity was established with the WOMAC index and construct
validity with Kellgren-Laurence X-ray score (KL).
Results: Three US dimensions were identiﬁed: I. Presence and size of
femoral and tibial osteophytes in lateral and medial compartments. II.
Protrusion and length of the protrusion of the anterior horn of the
medial meniscus with displacement of the medial collateral ligament.
III. Protrusion and length of the protrusion of the anterior horn of the
lateral meniscus. Cronbach’s alpha revealed high internal consistency of
only 8 items of dimension I (structural damage): 0.84 (CI 95% 0.79–
0.88) for right knees; 0.84 (CI 95% 0.78–0.88) for left knees. One point
was given when osteophytes were present; 1 point was added for small
osteophytes, 2 for medium, 3 for large, and 4 for very large. Scores
included both knees and a medial and lateral compartment; maximum
score was 20 points for each knee (table 1). Criterion validity, K-L and US
structural damage correlation shown for right knee K-L grade 0, 4.2±2.9;
grade I 5.1±4.2; grade II, 6.2±3.9, grade III, 11.1±4.4; grade IV, 11.7±4.6;
and for the left knee grade 0, 3.5±3.7; grade I 4.8±3.0; grade II, 6.8±3.8,
grade III, 12.1±3.6; grade IV, 12.2±6.1.
The proposed US scoring system correlated with WOMAC stiffness
subscale (r = 0.19, p =0.05), function subscale (r = 0.28, p =0.005) and
total WOMAC (r = 0.26, p =0.009). The global score and for each knee
(104 right, 102 left) had normal distribution (Kolmogorov-Smirnov Z 1.1,
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p=0.14 right, 0.99, p = 0.27 left). The US score discriminated adequately
between degrees of KOA score and KL: p =0.0001.
Conclusions: Proposed simpliﬁed US scoring system is feasible, reliable
and a valid tool. Factor analysis agreed with the theoretical model
proposed by experts, providing content and construct validity to establish
its dimensions with their correspondent items; it also converged in an
acceptable manner with at least two of the three dimensions of the
WOMAC subscales.
Table: US total score proposal for KOA
US structural damage Right knee Left knee Total
Medial Lateral Medial Lateral
Femoral Osteophyte
Presence 1 1 1 1 4
Size 4 4 4 4 16
Tibial osteophyte
Presence 1 1 1 1 4
Size 4 4 4 4 16
Total score 10 10 10 10 40
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MALALIGNMENT AND THE PRESENCE OF EARLY SIGNS OF KNEE
OA IN OBESE WOMEN
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Purpose: Whether malalignment is a risk factor for development of
knee OA or a risk factor for progression of knee OA is subject of
debate. Prospective studies among healthy subjects showed contradicting
results on the relationship between malalignment and incident knee OA.
However, all these studies were among healthy, normal body weight
or overweight subjects. Brouwer et al. showed that in overweight and
especially obese individuals, malalignment signiﬁcantly increased the
risk on development of knee OA (odds ratio 2.0 for varus alignment
in subjects with BMI ≥ 25 and <30 and 3.3 and 5.1 for valgus and
varus alignment in subjects with BMI ≥ 30). In subjects with a normal
body weight, no association between malalignment and incident knee
OA was found (odds ratio 1.1 and 1.3 for valgus and varus alignment in
subjects with BMI < 25). Purpose of the preset study was to investigate
the association of alignment to the presence of early knee OA signs as
seen on MRI in obese individuals free of clinical and radiological signs
of knee OA.
Methods: All participants were recruited through their general
practitioner (GP). 50 GP’s in the area of Rotterdam, The Netherlands,
invited all registered women between 50 and 60 years to participate.
All willing women with a BMI ≥ 30 and without clinical knee OA
according to the ACR-criteria, or radiological signs of knee OA (K&L
≥ 2), or contra-indication to MRI were included. X-rays and MRI of both
knees and body weight and height were obtained among 270 women.
On MRI, presence of diffuse and focal cartilage defects and bone marrow
lesions were scored on the medial and lateral tibiofemoral joint. Besides,
presence of degeneration, tears and subluxation of the medial and lateral
meniscus was scored. Knee alignment was deﬁned as in Brouwer et al.
to enhance comparison (after correction of 4 degrees, angles between
178 and 180 degrees were deﬁned as normal alignment, >180 as valgus
and <178 as varus). Using Generalized Estimated Equations, which takes
the correlation between knees within subjects into account, relations
between varus and valgus alignment and the presence of early signs of
knee OA, corrected for age, BMI and K&L-grade, were investigated.
Results: Associations between varus alignment and presence of bone
marrow lesions in the medial tibiofemoral joint (OR 2.2, p = 0.002) and
between valgus alignment and presence of diffuse cartilage defects in the
medial tibiofemoral joint (OR 2.0, p = 0.038) appeared to be signiﬁcant.
However, presences of both scores were highly associated to subluxation
of the medial meniscus (p ≤ 0.001). Additionally correcting for the
presence of subluxation of the medial meniscus neutralized the effects
of varus and valgus alignment. By itself, the association between varus
alignment and the presence of subluxation of the medial meniscus was
borderline signiﬁcant (OR 3.1, p = 0.062).
Conclusions: In obese women without clinical and radiological signs of
knee OA, malalignment was associated to early signs of knee OA. These
associations seemed to be based on the presence of subluxation of the
medial meniscus. This conﬁrms that meniscal subluxation can be seen
as precursor of knee OA. Follow-up data will be needed to conﬁrm that
the presence of varus alignment and meniscal subluxation will lead to
the development of knee OA in these obese middle-aged women. If so,
a possible intervention on prevention of knee OA should be tested, since
varus alignment can partly be opposed by the use of wedged insoles and
braces.
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LONGITUDINAL CHANGE IN QUADRICEPS MUSCLE VOLUME IS
INVERSELY ASSOCIATED WITH CHANGES IN SELF-REPORTED KNEE
STIFFNESS AND OVERALL DISABILITY IN FEMALE OAI PARTICIPANTS
K.A. Beattie, N.J. MacIntyre, K.T. Ramadan, D. Inglis, M.R. Maly. McMaster
Univ., Hamilton, ON, Canada
Purpose: Quadriceps muscle (QM) and intermuscular fat (IMF) volumes
can be measured from analyses of MRI scans. In individuals with knee
osteoarthritis (OA), longitudinal changes in tissue volume may be larger
than in those without knee OA, although their clinical signiﬁcance
has not been investigated. This study’s purpose was to investigate the
association between 2-year changes in QM and IMF volumes and changes
in self-reported knee symptoms and physical function in women in the
Osteoarthritis Initiative (OAI).
Methods: The online OAI database was queried for women ≥50 years old
in the incident and progression cohorts with available baseline and two-
year axial T1-weighted mid-thigh MRI scans (15 contiguous slices, 5mm
slice thickness). Baseline and follow-up scans from a list of randomly
selected eligible women were anonymized and registered using Analyze
8.1 (AnalyzeDirect Inc., KS, USA). Image pairs were excluded if there was
a) inconsistent spatial resolution between baseline and follow-up scans,
b) compressed or ﬂattened thighs on either one of the two scans or
c) <12 matched pairs among the 15 slices. Images meeting these criteria
(N=94) were segmented in pairs using SliceOmatic 4.3 (Tomovision,
QC, Canada) to quantify QM and IMF volumes in the 12 most proximal
matching slices with the segmenter blinded to time point. Baseline and
2-year follow-up data for WOMAC® sub-scores and total score were
downloaded. Linear regression analyses were conducted to determine
if changes in QM and IMF volumes were associated with changes in
WOMAC® sub-scores over the same time period. Group cohort (incident
or progression), age and height (to account for size differences in tissue
volume) were also entered stepwise into the regression model.
Results: Image pairs were segmented for 48 women in the incident
cohort (mean (SD) age 60.8 (7.2) yrs; mean BMI 26.4 (4.6) kg/m2)
and 46 women in the progression cohort (mean (SD) age 63.8 (7.0)
yrs; mean BMI 29.0 (5.1) kg/m2). Given that changes over time were
calculated by subtracting the baseline value from the follow-up value,
a positive change represented volume increases while negative changes
represented decreases. Mean (SD) volumes changes in QM and IMF in
the incident cohort were 0.4 (4.6)% and 3.0 (7.3)%, respectively, and −1.4
(5.2)% and 4.2 (7.7)% in the progression cohort, respectively. Baseline
WOMAC® sub-scores for the incident cohort were: pain = 1.5 (2.1),
stiffness = 1.0 (1.2), physical function = 4.5 (6.6) and total = 7.0 (9.4).
Corresponding values for the progression cohort were: pain = 4.9 (3.6),
stiffness = 2.5 (1.3), physical function = 15.6 (11.4) and total = 23.0 (15.0).
Change in QM volume was signiﬁcantly associated with changes in
WOMAC® stiffness (b = −0.244, p = 0.018) and total WOMAC® score
(b = −0.242, p = 0.019). No other variables in the model were signiﬁcant.
Changes in WOMAC® pain and physical function were not associated
with changes in QM volume. Change in IMF volume was not signiﬁcantly
associated with changes in any WOMAC® sub-scores or total score.
Conclusions: These results suggest that an increase in QM volume is
associated with a lower level of self-reported knee stiffness and overall
disability. No signiﬁcant associations between changes in IMF volume and
self-reported disability were found. It is noteworthy that participants in
the progression cohort were relatively young and had less self-reported
disability than other OA cohorts that often include older participants
with a wider range of disease severity. It is possible that this may have
impacted the strength of the association between QM volume and the
absence of an association with IMF volume.
